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[57] ABSTRACT 

There is disclosed a method for constructing and dis- 
playing tree structures with automated data processing 
equipment. A focused view of a portion of the tree is 
provided to enable an operator to perform editing and 
evaluating functions on the tree. The focused view 
presents a view of this portion of the tree structure with 
a geometry different than what would be used if the 
entire structure were to be portrayed. This provides a 
view with sufficient resolution to be highly readable. In 
the preferred embodiment, the focused view is com- 
prised of a focus node of the tree, its parent node along 
with the branch connecting the parent node and the 
focus node, the sibling branches of the connecting 
branch, all successor nodes of the focus node, and the 
branches connecting the successor nodes to the focus 
node. 

22 Claims, 22 Drawing Figures 
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(CRT), can result in a flexible means for decision tree 
METHOD FOR GENERATING AND DISPLAYING analysis. One problem in this regard, however, stems 
TREE STRUCTURES IN A LIMITED DISPLAY from the size of most practical decision tree structures. 

AREA If the tree is to be displayed on paper this does not 

5 create major problems. If the tree, however, is to be 
BACKGROUND OF THE INVENTION . displayed on the limited dimensions of a CRT, a tra- 

1. Field of the Invention deofF must oe between the desire to display the 
This invention relates to the interactive generation entire tree to provide perspective, and the need to dis- 

and display of information, and more specifically to the play local parts of the tree with sufficient size to be 
interactive generation and display of tree structures. 10 readily interpretable by the operator. In the past, at- 

2. Description of the Related Art tempts have been made to resolve this problem by dis- 
In recent times much effort has been devoted to the playing a magnified version of a local portion of the 

development and refinement of techniques for making tree. An example of this is the Harvard Project Man- 
decisions in complex environments. The arenas in ager which is available from Harvard Software Inc., 
which such decisions must be made are extremely di- 15 521 Great Road, Littleton Road, Mass. This approach 
verse and can include the choice from a wide variety of may not always provide a desirable result since decision 
options of personal investment vehicles, or the corpo- trees tend to be expanding structures with a very thin 
rate selection of the optimum course of action in terms branch density near the base of the tree and a dense 
of the allocation of corporate resources. One mecha- branch structure at the top or end. Accordingly, a dis- 
nism which has found wide acceptance in the formula- 20 pj a y magnification which is appropriate for one portion 
tion of such decisions is the so called "decision tree". 0 f the tree may not provide sufficient information at 
Briefly, decision trees typically include a variety of ot her portions of the tree. This same difficulty may be 
nodes which take one of three forms. A node may be a encountered in other tree structures such as PERT 
decision node representing the need to make a choice charts knowledge representations in the case of 
between two or more possible courses of action. Alter- 25 eX p ert systems, 
natively, a node may be a chance node indicative of a 

point in the tree where one of two or more events will SUMMARY OF THE INVENTION 

occur, but where the information about which event B means of ^ mvention ^ ^ provid ed an im- 
will actually occur is available only in terms of a proba- ^ method md system for creating and analyzing 

bihty. Finally a node may be an end node which repre- 30 ^ smictures which fa weU ^ ted for 

sents the fmal point in a possible chain of decisions and ^ fa TOnnection with au £ matic data processmg equip. 

random even . * j u * u i ment. In the preferred embodiment, the tree structure is 

The various nodes are connected by tree branches. ,. , , . r „ _ . , . , . , ^ 

Branches originating at a decision node each represent **pl*yed b * means 0 * C * T ™ ted ™J * e 

the selection^neofthe several courses of action that 35 P'™g ^P ment As * e *" P° m ™ 

are possible at the node. In many cases a particular are displayed to the operator on the CRT Again, in the 

choice will have a predictable economic effect If the P'f™* emboaament the portion which is displayed 

decision to be made for example is whether to add plant * cludes * e node which is the center of interest for the 

capacity or to add a third shift of factory workers, both E° m * nt (bereuiafto referred to as the focus node), 

the cost of expansion and the cost of adding employees 40 The display also shows the branch leading to the focus 

can be predicted. It is common in tree structures to along with the origin node for that branch, the 

associate these costs with the particular branch to other branches ongmatrag at that ongin node, and the 

which they correspond. 0Ut P ut branches originating at the focus node along 

Similarly, branches originating at chance nodes each with their termination node. By this means the operator 

represent one of the possible events that can occur at 45 * provided with a local display having sufficient infor- 

the node. In this case the probabilities that the decision mation to allow him to relate the focus node to its sur- 

maker thinks are appropriate for each of these events roundings in the decision tree. Most importantly, the 

are associated with the corresponding branches. format of this effective display is provided irrespective 

Finally, each end node will have an associated eco- of & e location of the focus node in the decision tree, 

nomic effect. In the case of a profit maximization analy- 50 To further assist in relating the focus node to the 

sis, for example, this will represent the profit that is to remainder of the tree structure, the preferred embodi- 

be expected for a particular sequence of decisions and ment provides the option of displaying a scaled down 

events that correspond to the path through the tree portion of the entire tree in a small part of the screen 

leading to the particular end node in question. Once the that is reserved for that purpose. In the case where a 

tree has been created, various statistical techniques can 55 color display is available, the location of the focus node 

be used to evaluate the economic effects and the proba- hi the display of the entire tree is indicated by a distinc- 

bilities of the various paths through the tree and to tive color. In the case of a monochrome display this 

select the optimum path from a statistical point of view. location is indicated by a distinctive shading. In the 

The value of the tree lies in the fact that it provides an event that the entire tree is too large to fit within the 

ordered framework for assessing the impact on the final 60 bounds of the small part of the screen reserved for it, the 

result of varying one or more of the a priori assumptions portion centered around the focus node is displayed, 

as to the probabilities at a chance node, or the a priori This reduced size view of the entire tree or substantial 

estimates of the various economic parameters. portion thereof will be referred to as the "macro view". 

More recently there have been attempts to provide a It is therefore an object of the invention to provide a 

decision tree capability on various types of automatic 65 method of displaying a portion of a tree structure 

data processing equipment. The computational capabil- wherein the portion is focused or geometrically scaled 

ity of the machines coupled with convenient display in a manner different than would be the case if the entire 

capability, such as by means of a cathode ray tube tree were to be displayed. 
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It is another object of the invention to provide a unit 20 provides a hard copy 22 of certain results, usu- 
method of displaying a portion of a tree structure ally at the option of the operator. Printer unit 22, which 
wherein said portion consists of a focus node, its parent communicates with CPU 10 by means of cable 28, may 
node and the incident branch connecting these two use any of various types of printheads including daisy 
nodes along with the siblings of this incident branch, 5 wheel, wire matrix, inkjet, and thermal, 
and the successor nodes of the focus node along with In the preferred embodiment of the invention, control 
the branches connecting the focus node to the successor is provided by instructions stored on one or more 
nodes. floppy disks as read by disk drives 12. Of course, alter- 

It is yet a further object of the invention to provide a native memory mechanisms are available, a common 
method of creating and displaying a tree structure 10 one being the so called Winchester disk. An operator 
wherein an operator is prompted to define the set of interacts with the system via keyboard unit 14 to build 
nodes and branches making up the tree structure, and and evaluate the decision tree. The tree, as it is being 
wherein a portion of the tree structure is displayed with constructed or evaluated, is displayed by means of the 
a geometry different than that which would be used if CRT 18. 

theentire tree were to be displayed. 15 In this way there is provided a method for interaction 

Other objects and advantages of the present invention with the decision tree, creating and modifying the tree 

will be apparent from the following detailed specifica- structure graphically on the CRT. A large percentage 

tion, when read in conjunction with the accompanying of the input is done by "pointing" at the desired location 

drawings which illustrate the preferred embodiment of in the decision tree or in a function menu. As will fur- 

the invention. 20 ther be described below this pointing is accomplished 

BRIEF DESCRIPTION OF THE DRAWINGS via the cursor keys. 

„ . As shown m FIG. 2, the CRT display is comprised of 

FIG. 1 is a perspective view of a personal computer four windows. When input is required from the user to 

Sy S? m; t_ proceed, the corresponding window contains text (usu- 

FIG. la shows the cursor key arrangement of a per- 25 ally one word) in reverse video. This might be a menu 

S0 ^ f JOm P uter : item, an operation indicator like SELECT or ACTIVE, 

FIG. 2 illustrates the windows making up the display or a message indicator like NOTE. The graphical dis- 

screen of a cathode ray tube display; play window 30 is a large window on the left hand side 

FIGS. Sa-a/illustrate various stages in the construe- of the CRT. A "focused" view of the decision tree is 

tion of a decision tree. 30 displayed in this window. The word "focused" is used 

FIG. 4 shows a macro view of a decision tree. because the geometry of the portion of the tree dis- 

FIG. 5 shows a prior art display. played in this window is modified from that which 

FIG. 6 shows a display in accordance with the princi- would be used if the entire tree were to be displayed. In 

pies of the present invention. the preferred embodiment, only a fixed context of the 

FIG. 7 shows the display of a probability distribution. 35 decision tree structure is displayed at any instant in 
FIG. 8 is a flow chart for the display function. ^ time. Three levels of decision tree nodes and the in- 
FIG 9 is a flow chart for the store tree function. eluded branches are displayed, annotated with descrip- 

FIG. 10 is a flow chart for the define node function. tions, values, and probabilities (where appropriate). 
FIGS, lla-114 comprise a flow chart for the cursor The function display window 32 in the upper right 

movement function. 40 hand corner of the CRT can be used for several func- 

FIG. 12 is a flow chart for the add branch function. tions, one of these being a macro display of the entire 
FIG. 13 is a flow chart for the copy subtree function. tree, or as large a portion thereof as can be displayed 
FIG. 14 is a flow chart for the macro view function. within the limited confines of the window area. 

DETAILED DESCRIPTION ^ function menu window 34 in the lower right 

45 hand side of the CRT is used to enable the operator to 
One system that adapts well to implementation of the select one of a plurality of functions. Menus of available 
invention is the personal computer system illustrated in functions are displayed here. Some functions require the 
FIG. 1. Typically, such systems include a central pro- user to make additional selections or to input data from 
cessmg unit (CPU) 10 which contains the arithmetic the keyboard. These selections and input are also done 
processor and certain of the memory units of the sys- 50 in this window. 

tem. The CPU may include one or more disk drives 12 Finally, the narrow message window 38 stretching 
which accept floppy disks as a medium for providing across the bottom of the CRT provides two functions, 
bulk data and instructions to and from the CPU. A real First, expanded explanations for functions currently 
time display of information generated by CPU 10 is selected by pointing in the function menu are given 
provided by means of display unit 16 which communi- 55 here. Secondly, functions which perform calculations 
cates with the CPU by means of cable 26. Display unit display an appropriate message here during the comou- 
16 typically uses a cathode ray tube (CRT) 18 as the tation. 

display medium. Operator control of the CPU opera- The current or active decision tree is displayed in the 
tion is effected by means of a keyboard unit 14 which graphical display window 30. The nodes of the tree are 
communicates with the CPU by means of cable 24. As 60 displayed in symbolic fashion with nodes representing a 
is well known, keyboard unit 14 typically includes a decision being shown as shaded squares, chance points 
typewriter style alphanumeric keypad as well as a van- as shaded circles, and end points with no symbol An 
ety of control keys. As illustrated in FIG. la, the con- open circle superimposed on an open square indicates 
trol keys include a set of cursor control keys by means that a branch has been added to the tree, but the corre- 
of which the cursor of CRT 18 can be caused to move 65 sponding node type has not yet been denned. Alterna- 
m any of four directions. As is well known in the art, tive or outcome descriptions, probabilities, and values 
movement of the cursor could alternatively be effected. are displayed along the branches. The method of con- 
by means of a hand driven "mouse". Finally a printer structing a decision tree will now be described. 
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r\nt?T> atihm word SELECT flashes at the lower right hand corner 

METHOD Or OPERATION of graphical ^p^y window 30 requesting the operator 

When the process is initiated, the first of several to point to the branch or node to be processed. In the 
menus is displayed in function menu window 34. The case of an add branch function, the cursor keys are used 
options available in this File Menu are listed in Table 1. 5 to highlight the node from which the new branch is to 

emanate and this choice is entered. In the case of the 
TABLE I define node function, the cursor is used to highlight the 

node to be defined and the choice is entered. Upon 
choosing the initial decision node in the add branch 
1° mode, an additional branch terminating in an undefined 
node and emanating from the decision node appears on 
the display. As before, the operator is prompted to 
name the branch and returns to the edit menu via the 
In the display, the function to be selected is highlighted exit menu function. At this point the display appears as 
by being shown in the reverse video mode. The opera- 15 shown in FIG. 3b. Throughout this description, the 
tor uses the cursor keys to "point" at the desired func- names BRANCH 1, CHANCE 2. etc. are selected arbi- 
tion, that is to cause the desired function to be so high- trarily, and would normally be replaced by names hav- 
lighted. As will be the case throughout this description, ing relevance to the particular situation being modelled, 
the choice is entered by depression of the return key. Next the operator may wish to define the nature of 

If there are any existing tree structures stored in aUsk 20 the nodes located at the ends of the two branches. This 
memory, the load tree function causes the names of is accomplished through use of the define node func- 
these trees to be displayed in function display window tion. Assume for the purposes of this description that 
32. The operator then points at the desired tree name after choosing either of the paths represented by the 
and enters his selection. The initial portion of the se- two branches, a chance event will occur. By that is 
lected tree is then displayed in graphical display win- 25 mean t an event having two or more outcomes which 
dow 30. At this point the operator may select either the can on ] y ^ predicted in a probabilistic sense. The oper- 
edit menu function if he wishes to alter the existing tree, ator ^1^5 a node at the end of one of the branches 
or the eval menu function if he wishes to evaluate the ^ 5^^,. k eys and is then prompted to enter his 

existing tree. Alternatively, if he wishes to construct a choice of deoision. chance, or end node. Upon choosing 
new tree, he will immediately select the edit menu func- 30 chance> ^ node becomes a filled circle and a. new 
tion. Table 2 shows the functions available in the Edit branch| emanating from this chance node and terminat- 
Menu which appears in window 34 at this point It will m . a new undefined node appears in the display. The 
be noted that certain •Tuncttons" such as file menu, edit new bnmch resents a possible outC ome of the chance 
menu, and eval menu which appear m the menus are eyent The operator ^ prompted to assign a descriptive 
actually calls to another menu. wm£ %Q ^ outcome and then to enter his estimate of 

TABLE 2 the probability that the outcome will occur. After re- 

Edit Menu turning to the edit menu via the exit menu function, the 

display appears as shown in FIG. 3c. Here it is seen that 
40 the estimate of the probability that the outcome 
CHANCE 1 will occur is 0.5. 

The add branch function is used at this point to add 
two more branches, each representative of an additional 
possible outcome of the change event. In each case, 
„ - , . . A , . . • a* since the new branch emanates from a chance node as 

Creation of the new tree is initiated by selection of the fl nod tfae 0 rator is promp ted to 

new tree function which causes an open circle supenm- ^ bQth descri tive name ^ a probability of oc- 

posed by an open square with ^^^^ f ^ cuirence. At the conclusion of this process, the display 
appear in the middle of window 30. Selection of the , rtu/n • * . 

define no* .function prompt* ^operator to defmethe '^^Sh TtrStudes three undefined nodes. 

S°££ *JS?El ™LS ,« tZL L b^chS The defined function is entered and the cursor keys 
decision node, he is prompted to name the branch that . rtf +u a 

departs from the node. He then returns to the edit menu ** n 2** a L^™'X JL^ 

by selecting an "exit menu" function. At this point the CHANCE 1 branch This node ^» 

display will be as shown in FIG. 3a (it is assumed that one particular path through the tree. White practical 

the name given to this branch was "BRANCH 1"). In 55 trees are normally much more complex than the illustra- 

the display a branch and/or node is designated as active shown here, and any path through a tree would 

by virtue of having a unique color if a color monitor is normally include a large number of branches located 

used or by intensity modulation in the case of a mono- end to end, the simple case shown here with just two 

chrome display. In FIG. 3, active nodes will be shown branches is sufficient to illustrate the principles of the 

as solid squares or circles as opposed to cross hatching 60 invention. In this example, the operator would identify 

for the other nodes. Similarly, active branches will be the selected node as an end node. Since this node is an 

shown as solid lines in contrast to dashed lines for the end node, the node marker is removed from the display, 

other branches. and the operator is prompted to enter a value. This 

Generally at this point the operator will wish to add value represents the economic consequence of foliow- 

at least one more branch emanating from the initial 65 ing the particular path through the tree leading to the 

decision node. This is accomplished by entering the add end node in question. For example, if the decision repre- 

branch function. At this point, and whenever an add sented by the BRANCH 2 branch is elected and the 

branch function or define node function is entered, the outcome at the chance node should turn out to be that 
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represented by the CHANCE 1 branch, then the profit tree portion to be shown in graphical display window 

to the decision maker might be $10,000. If such is the 30, there is provided a display having better resolution 

case, the operator would enter 10,000 as the value for than that available in accordance with prior art meth- 

the end node at the conclusion of this path. Upon return ods. As the total tree structure becomes larger, as is the 
£E£ e ™ menu J"*.? 6 m . enu fun0,ion ' to* value 5 case in most practical decision tree structures, the dif- 

b ? I £. thc 0,5 P"*"""* of ference becomes even more noticeable, and the point is 

uianus l branch. The operator would then use the rapidly reached where any magnification in accordance 

^ e n^l e c nC H° n h° defm t 8 ^° ^ the P rior ^ methods becomes impossible because of the 

fined nodes as end nodes, each with its estimated value. size actions of ^ display ^ 

* S? ' T°™ i !f T fi SP 7 " 10 ^ rde menu includes several functions which have 

seen in FIG. 3* While the values in this example have not t been ^ f ^ 

been shown as profit values, it may be more appropriate «r , . ; w *" c tuuvuvn BUUWS 

in some cases to use cost as^ an alternative. ^ c ° n ° f a $™ h ?~ °» a non ^ e fW 

The procedures described above may be used to add J? " a d ^ ™** th *, fun * lon Jf sel ^ the func - 

tree structure to the end of BRANCH 1 with a possible 15 ^ * '^k'k Wmkmg T 

resultant structure such as represented in FIG. 3/ When * ffle f 15 *!? 'f ed ^ ^J*™** t0 * e 

this is done, all paths of the tree terminate in end nodes deC1S10n t0 b * sa ^ d b * ^ name at the 

and the structure is complete. cursor and de P r ess**g the return key. The tree is then 

FIG. 3/may be used to illustrate the general nature of ^ tered on disk *> r later «e. The save subtree func- 

the display which is provided in graphical display win- 20 tlon P*?!™? a sumlar ?* k for a P ortlon of a Xt is 

dow 30. The node appearing in the center of the display rei P Ied m ^ case t0 ldentif y the subtree by pointing 

will be referred to as the focus node. The display in- at l? T0 ?\ node : t . 

eludes all branches emanating from the focus node and 1116 delete r " e fimctlon P erm *s deletion of a tree or 

the nodes at the ends of these branches, it being under- subtre e previously entered onto the disk. The exit func- 

stood that end nodes are not expressly shown. The 25 tion in ^ of the functi o n menus results in termination 

branches comprising the set of all branches emanating of the P rocess - eval menu function calls up the 

from a node will be referred to as siblings of each other. evalution menu which will be discussed subsequently. 

The display also includes the branch leading to the Other functions in the edit menu include the add 

focus node, its origin node, and its siblings. As the focus subtree function. This permits the addition of a previ- 

node is varied by means of an operator using the cursor 30 ouslv . saved subtree to the present decision tree. In this 

keys, this same general display format is used irrespec- case lt k necessary to point at the root node location for 

tive of where in the tree the focus node happens to be the subtree. After pointing at the root node location, 

located. The display shown in graphical display win- m & entering the add subtree function the operator is 

dow 30 is the preferred embodiment of a focused dis- prompted to enter the file name of the desired subtree, 

play. 35 The subtree then is added with the display centered at 

At any time during the construction of a tree, the the root node for the subtree, 

macro view function may be used to invoke a miniatur- The copy subtree function permits copying an exist- 

ized view of the entire tree structure in function display ing subtree in the current tree to another point in the 

window 32. One such macro view SO is shown in FIG. tree. It is particularly helpful when the same subtree 

-v 4. In the macro view, the current focus node is high- 40 structure will appear at several places within the tree. 

: flighted so as to facilitate relating the focused display to The subtree to be copied is first pointed, then the copy 

the entire tree as shown in the macro view. In this way, subtree function entered, and finally the operator is 

while the focused view provides a picture of only a prompted to point the location of the root node to 

portion of the entire tree, it can be viewed in context by which the subtree is to be added. The subtree then is 

comparison with the macro view. In some cases, the 45 copied to this new location. Using a similar procedure, 

tree may be so large that the entire tree cannot be the delete subtree function permits deletion of an un- 

shown within the confines of function display window wanted portion of a tree. 

32. In such an instance, the macro view shows as large Finally, the edit values function permits modification 

a portion of the tree as the display area permits centered of values in the tree. When this function is invoked, the 

around the focus node of the focused display. 50 operator is first prompted to point to the node where 

The tree structure shown in FIG. 4 may be used to changes are to be made. A menu of the values that can 

illustrate an advantage of the present invention. In the be changed then appears, and after entry of the new 

prior art, if it was desired to view a larger version of a values, the tree is so modified 

portion of a complete tree structure, the practice was Once a tree has been loaded from memory by means 

simply to magnify that portion without modification 55 0 f the load tree function, or a tree has been completed 

and to display it. Thus FIG. 5 illustrates this prior art by means of ^ edit menu operations, the operator will 

technique, showing a magnified version of the portion wish t0 evaluate the ^ j£ c eval ^ J£ b ™ c ™ 

FIG 4 ^e S s^t^o^FIG n 5 e has been^electiS t ^ * ° f UP fr ° m *» ** ™™ « the edit ™ ™* 

*J^~™S •* u- I 8 ! CC , ted t0 - a ! pr °^ functions available * this m enu are shown in Table 3. 
mate the area available in graphical display window 30 60 

on a typical CRT. Only those nodes and branches that 

are included in the focused display centered around TABLE 3 

focus node 52 in accordance with the principles of this 
invention are included in the display of FIG. 5. In con- 
trast, FIG. 6 shows the same portion of the complete 65 
tree in a portion of graphical display window 30 as it 
appears in the focused display of the present invention. 
As a result of "focusing" or varying the geometry of the 
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The expected value function performs the classical The system them acquires each of the node data struc- 

decision tree evaluation or "rollback" to determine the tures from the disk memory for this tree and enters them 

expected value of the decision. When expected value is into fast access memory within the computer for subse- 

selected, a menu with the options "maximize" or "mini- quent use by the various functional routines. At this 

mize" appears. The appropriate one of these is selected 5 time, the root node of the tree is considered to be the 

in dependence on whether the tree has been set in terms focus no d e and the portion of the tree including the root 

of profits or costs, The best decision at each decision ^ displayed. 

node of the tree is then indicated by highlighting the pj G 8 shows a flow diagram 0 f the display routine 

branch corresponding to that decision. Also, at each ^ ^ emp i oyed each time the display is to be changed 

decision node the expected value for the decision is io durmg use ofthe system The routme is entered at block 

^^J* ?u ^ ^ ^? «> At test block 62 the identities of the focus node and 

would be shown with BRANCH 1 is $WwMe the cmcQt node ed tf ^ h equivaIence , 

Once the expected value analysis has been completed, 15 in highhgh ed form (processing block 64). If 

the prob dist function can be used to examine the distri- *™ 15 u no equivalence, then the focus node and its 

bution of discrete outcomes of a decision. The prob dist mcident branch are drawn in normal form at processing 

function may be invoked at any point in the tree, and block 66. The current node' is the node that has been 

includes all individual outcomes which may occur as- selected by the operator to be the locus of some current 

suming that the best alternative is selected at each deci- 20 °P eration m implementation of a function. For example, 

sion point. When this function is selected, it is first nec- in an add branch operation the operator would have 

essary to point at the node for which the probability designated the node to which the new branch is to be 

distribution is desired The operator then selects from a added, and the node at the end of this new branch be- 

menu containing the choices of cumulative or non- comes the current node. As noted above, in the case of 

cumulative distribution. The operator is also permitted 25 a l° ac * ^ee operation, the root node is automatically 

to specify the number of intervals that will appear in the designated as the focus node. 

display, the default number being ten. FIG. 7 shows the At processing block 68 the number and spacing of the 

non-cumulative distribution for the root node of the tree successor nodes to the focus node is determined. If there 

shown in FIG. 3. This display appears in function dis- is an odd number of successor nodes, the center node of 

play window 34. While this distribution could be ob- 30 this group will be displayed on the same line as the focus 

tained by inspection of the tree, such is not the case in no d e and half of the reniaining nodes will be shown 

the practical case where complex tree structures are above ^ i me w j tn t he other half appearing below this 

involved. Ime jf there is an even number of successor nodes half 

The foregoing has been a functional description of ^ be displayed above and the other half below the 

the process. The following provides a detailed descrip- 35 Mq j^. ^ focus node 

tion of the details of the system which accomplishes this If Qne of ^ successor nodes has not yet been dis- 

process. played at test blocki 70, test 72 block determines 

DETAILED DESCRIPTION OF THE SYSTEM whether this node is the current node. If not, this node, 

Implementation of the system relies on the concept of „ * ^ident branch, and any annotation associated with 

.a node data structure, thit is a list of information for 40 the node is displayed m normal form at blocks i 76 78, 

each node in the tree. The information includes data and » * *? w ? v * r ' n0 ? e 13 the . cmT ^ n f e \ then 

about the node itself and relates the node to other nodes processing block 74 causes this portion of the dispby to 

in the tree structure. Table 4 summarizes the informa- ta shown m highlighted form. Generating the display of 

tion that appears in the node data structure. successor nodes continues until test block 70 deter- 

tadt p a mines that all of the successor nodes have been drawn. 

TABLE4 At test block 82 the focus node is checked to see if it 

Node Data Structure has a parent node, and if so test block 84 is to determine 

Node Number if this parent node is the current node. If not proecessing 

Node type (decision chancy end?) b|ock gg draws ^ parent node m norm al form, 

Annotation related to the node 50 , . , r - , . - * ' 

Probability if the parent node of this node whereas in cases when the parent node is the^current 

is a chance node node, processing block causes the parent node to be 

value in the case of an end node drawn m highlighted form. Next the successor nodes to 

\%oZL%7£wZ T^r Lcs the parent node are determined at processing block 90 

to this node 55 and processing block 92 identifies which of these are to 

be displayed above and which below the line containing 

The method provided by the invention comprises the focus node and jts Parent node. At test block 94 the 

sequential execution of various functions such as load ^ determines whether all branches emanating from 

tree, define node, add branch, each of which uses the the ^ n0 ?e have been drawn. If a branch remains to 

information in the node data structures. Selection of a 60 oe drawn, it is compared to the current branch at test 

particular function from any menu that is displayed block 96 and the branch with its annotation is drawn in 

during use of the system is accomplished by means of an normal or highlighted form at processing blocks 98, 

interface for menu point selection. Such interfaces are 100, and 102 in conformance to the result of the test, 

well known and require no further description here. Note that the successor nodes to the parent of the focus 

With reference first to the file menu, when the load tree 65 node are not shown in this preferred embodiment of the 

function is selected, a menu showing the names of the invention. When all of these branches have been drawn, 

existing tree structure menus is displayed. The operator the routine is exited at return block 104. If at test block 

then selects one of these to activate loading of the tree. 82 it is found that there is no parent node to the focus 
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node, the routine is also exited immediately at that the root node with an incident branch for which annota- 
P oint * tion may be selected by the operator. There is also 

Retuning to the routines in the file menu, FIG. 9 displayed a branch leaving the root node and an unde- 
shows the flow for the save tree routine. At processing fined node at the end of this branch, that is, a first sue- 
block 110 the operator is requested to enter the file 5 cesser node to the root node. Normally, the next step is 
name that he wishes to assign to this tree. This file name to define this node by means of the define node function 
is then entered into the non-volatile memory of the disk which will be described in connection with FIG. 10. 
at processing block 112 and a variable "node number" is The operator is first requested to point to the current 
initialized to a value of zero at processing block 114. node which is to be defined (block) 150. Using the 
Similarly, the variable "test node" is set equal to the 10 movement routine, which will be described below, the 
identity of the root node of the tree at block 116. The operator selects this node at block 151 At block 154, 
root node is then assigned a number equal to the current the operator is requested to identify the node as a deci- 
value of node number and stored on the disk as indi- sion, chance, or end node. The node type is tested at 
cated at block 118. At block 120, the current value of text block 160 to determine if the operator has identified 
node number is incremented by one. Test 122 deter- 15 the node as a decision node. If so, he is promoted to 
mines whether the current test node (the root node at enter a description of one of the decisions that can be 
this point in the process) has at least one successor node. made at this point (such as stock, bond, annuity, etc.) if 
If so, the value of test node is set equal to the identity of the decision is to be made is a choice of investment 
this successor node at block 124. The data structure of vehicles (block 162). The routine then causes the node 
this successor node is stored on disk with the current 20 to be displayed as a square with a branch below it (block 
value of node number at block 126, and the value of 166). The description entered by the operator appears 
node number is incremented once more at block 128. along this branch. 

This loop continues until an end node is encounteed in If the block 160 shows failure, the operator's choice is 
the tree at which time test 122 fails and the flow passes then tested at block 168 to see if this node is a chance 
to test block 130. The order in which successor nodes 25 node. If so, the operator is prompted to enter a possible 
are considered at test block 122 is from top to bottom, outcome of the event represented by this node and also 
that is, when a successor is sought for a test node, the what he believes to be the probability of that outcome 
successor node that appears nearest the top of the tree (block 170). The node is then displayed at block 174 as 
structure as it is displayed will be considered and stored a circle with a branch and the associated description 
fast' 30 and probability below it. 

Once an end node is encountered, the value of test Finally, if test block 168 fails, the node by default is an 
node at that point will be the identity of such end node. end node (block 178). At block 180, the operator is 
This value is tested at test block 130 to determine prompted to enter a cost or gain associated with the 
wheter the parent node to this end node has any other path through the tree leading to the final outcome rep- 
successor nodes (that is whether the end node had any 35 resented by this node. At block 182, the combination of 
siblings). If so, this new successor node is assigned the an open square and circle which represented the unde- 
most recently incremented value of node number and its fined node is removed, and the value selected by the 
data structure is stored on the disk at block 132. The operator is displayed along the branch leaving the 
node number is incremented at block 136, and test node chance node. In either of the three cases, after the dis- 
is set to the identity of this new successor node at block 40 play has been updated, the routine is exited as shown at 
f 138. At test block 140 successors to the new test node blocks 166, 176, and 184. 

are sought and the inner loop comprised of blocks ' The routines for movement about the tree in response 
132-140 continues until a new end node is encountered. to the cursor keys are illustrated in FIGS. 11a and 11*. 
When this occurs, flow returns to test block 130 to By movement in the tree is meant changing the location 
identify any siblings to the branch leading to most re- 45 of the highlighted branch and node to vary the locus at 
cently identified end mode. The data structure of the which some operation is to be performed. As noted 
nodes at the end of such sibling branches are stored by previously, the highlighted node and branch are re- 
the above referenced inner loop until there are no more ferred to herein as the current node and branch. In this 
siblings, at which time test 130 fails. The value of test connection, two tables are maintained in active memory 
node is then set to the identity of this parent node at 50 representing the two columns of branches that appear 
block 142 and tested for equivalence to the root node at on the display at any point in time. Recall that the dis- 
test block 144. If there is no equivalence, the entire loop play contains a focus node, its parent node and the 
structure beginning with test block 130 continues until branch connecting the parent node to the focus node, 
ultimately test block 144 is satisfied. At this point the and a successor node to the focus node along with the 
entire tree has been stored on the disk and the routine is 55 branch connecting the focus node to the successor 
exited at block 146. node. In addition the display contains all sibling 

A similar routine is used to save a subtree onto the branches to the branch leaving the parent node and all 
disk, the only difference being that the routine starts sibling branches to the branch leading to the successor 
with the node at the location in the tree designated by node. Accordingly, there will appear a column of one 
the operator rather than the root node as in the case of 60 or more branches on the left half of the graphical dis- 
the save tree function. play window and a column of one or more branches on 

Turning next to the functions in the edit menu, it may the right half of this window. If there are N branches in 
be that the operator wishes to work with a previously the left half, the table for the left half of the window 
established tree. In this case he will always have loaded contains N items numbered 0 through N - 1 If the right 
this tree from the disk by means of the previously dis- 65 half of the window contains M branches, the right hand 
cussed load tree function. Alternatively he may wish to table will have items numbered 0 through M- 1. The 
develop a new tree in which case he will begin with the memory contains the designation of which of the M+N 
new tree function. This function begins by displaying branches is the highlighted or current branch. Similarly 
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the memory contains the identity of the current node The add branch function is illustrated in FIG. 12. At 
and focus node. block 260, the operator is requested to point at the ori* 

Turning now to FIG. lift when a cursor key is de- gin node for the branch which is to be added. In re- 
pressed a test is first performed to determine if it was the sponse, at block 262 a new node data structure is set up 
left cursor (test block 190). If it was, test block 192 5 for the node to be added at the end of the new branch, 
determines whether the current node prior to the key A pointer to this new node is added to the list of succes- 
depression was the root node. If so there is no node to sor nodes of the origin node of the new branch (block 
the left to move and the system provides an audible 264)* The new branch and the new successor node are 
beep and exits the routine (block 194). Otherwise, the then drawn highlighted at block 266. At block 268, the 
highlighted branch is checked at test block 196 to see if 10 operator is requested to specify a description for the 
it is in the left hand column of branches indicating that new branch, and this annotation information is added to 
the operator wishes to move to a node at the left side of & Q data structure of the new successor node. Finally, at 
the display. If so, the display is redrawn with the parent block 270 the annotation is printed along the new 
of the current node as the focus node and highlighted. branch m ^ display. 

Alternatively the current highlighted branch is on the 15 . A* described previously, the copy subtree permits 
right side of the screen and the current focus node be- identifying a subtree which has been constructed at one 
comes the highlighted node, P° mt m a ^ md locating a duplicate of the subtree at 

If the depressed cursor was not the left cursor, test another P oint m tree - With reference to FIG. 13, the 
block 202 determines if it was the right cursor. If so, test w *? first requested to identify both the root node 

block 204 determines if the current highlighted branch 20 which is the node at the base of the subtree, and also the 
is on the right side. If so, the display is redrawn with the destination node where the base of the copy of the 
current highlighted node as the focus node (block 206). 15 * * located (° locks ™° *f c 282 >- ™» dest f- 

If the current highlighted branch is on the left side, then f^ 0 " n °? e *** ° r i«* dcfined node 35 1S 
test bl<>ck 208 determines if there are any successors to „ f r ted at X f X m */ th f d fT*Z 
the current node. If not, the block 210 causes the beep 25 d ?™? h n ? de ' *^ th ' r0 ? node ° f subtree wiU be 

* TP A nw . a , „ . £ added below the destination node as shown at block 

and exit. If there are successors, the current node is ~ Q r *i» - ^ i -r «u j *: j ■ * j 

**u* j ***uii 286. Alternatively, if the destination node is not a de- 
checked for equivalence to the focus node at test block r. , > Um v „ .„ , , , . j 
T . fcL . v . . . .... . fined node, then it will be replaced by the root node 

212. If so, the b«bl«ht « ^moved ^to the middle node on ^ m) ^ ^ ^ ^^tenare defined for 
the right side (block 214) If not, the display is drawn 3Q ^ ^ Qode md ^ ^^^^^ the subtree 
with die current node as the focus node. CQ at Wock 29Q ^ new t ^ successor 

If the test 202 for nght cursor fads, a test is performed mtenj m BdM tQ ^ node data structures as re- 
fer up cursor at block 218. If this test is positive, the quired to define ^ new pare nt/successor node corn- 
current branch is checked to determme if it is number bination formed b the act of ^ ^ subtree at 
zero m the table of branches at block 220. If so, it is the 35 block 292 Final3V) at block 294 the ^splay ^ gen erated 
top branch in the column of branches and it is not possi- ^ the destination as the focus node, 
bie to move up in the tree at this point— hence a beep ^ new subtree function is similar except for the fact 
and exit at block 222. If the branch is not numbered that ^ SUD tree to be copied is accessed from the disk 
zero, then the highlight is moved to the branch above memory as opposed to coming from elsewhere in the 
the current branch. 40 ex i stm g tree. The delete subtree function simply re- 

Now turning to FIG. llfc if the up cursor test fails, a ^ e operator to point to the root node of the 

down cursor test is performed at block 226. If this is subtree that is to be deleted. Node data structures corre- 
true, the current branch number is tested at block 228 to sponding to nodes in the subtree to be deleted are sim- 
determine if it is equal to the arc count, that is the value p i y deleted from the tree memory, as are references to 
N- 1, or M— 1 in the table of branches depending on 45 0 f nodes in the data structures of other nodes 
which column the current branch is located in. If it does m the tree. 

have one of these values, that means that the current a flow chart for the macro view function appears in 
branch is the lowest one in the particular column and FIG. 14. A two-dimensional array is maintained in 
downward movement is not possible, hence the beep memory with a location corresponding to each point in 
and exit at block 230. If the current branch is not the 50 function display memory 34 where a node can be repre- 
lowest in its column, then the highlight is moved to the sented. The task of setting up this array in preparation 
branch just below the current branch (block 232). for displaying the macro view involves identifying each 

If the down cursor test fails, two possibilities remain. node in the tree and assigning it to the appropriate one 
At block 234, a check is made to see if the depressed of these array locations. Once this has been done the 
cursor was the home cursor (see FIG. lo). If so it is 55 branches connecting the nodes can be inserted from 
desired that the highlight move to the focus node. If the geometric considerations and the display plotted. As- 
focus node is not already highlighted (test block 236) signment of the nodes begins at block 300 where a depth 
the highlight is moved to the focus node. If, however, first search is performed to find the first end node at the 
the focus node was already highlighted, block 240 top portion of the tree. A similar depth first search is 
causes the beep and exit. 60 implemented by the portion of FIG. 9 comprising 

Finally, if the home test fails, test block 242 checks to blocks 116 through 128. Once the topmost end node has 
determine if the shift and then home cursor keys have been identified, it is assigned to a location in the first 
been depressed. If so, it is desired that the root become row of the two dimensional array, and in the column 
the current node. If this test passes, test block 244 deter- corresponding to the depth of the end point into the 
mines if the tree already has the root as the focus node. 65 tree. For example, if the end node was the successor of 
If not the display is redrawn with the highlight located a node whose parent was the root node of the tree, then 
at the focus node (block 246). Otherwise block 248 the end node would be located in the third column of 
causes the beep and exit. the array. Consequently, that end node would be dis- 
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played in the (1,3) location of the macro view display. is then a routine matter to generate a display such as 

At block 302, this process is continued with each new that shown in FIG. 7 giving the value of these economic 

end node being assigned to the row just below that of effects as a function of their probabilities. This type of 

the preening end node and to a column corresponding display ^ be generated for any node in the tree, the 

to its depth into the tree. At block 304, each uitermed,- 5 root aQdt bein chosen mQSt commonl Mso M ^ well 

^^^^^jfSS^^S^ £ 5 k*™. be eithe ' of * e cumulative or 

depth into the tree. The set of rows at which its set of , 4 . * v. - . 

immediate successor nodes is determined, and the inter- non^umulative distribution for the node, 
mediate node assigned to a row at the middle of this set. Although specific embodiments of the preferred form 
At block 306, the set of nodes is plotted in function i 0 of the P resent mvention have been described herein, it 
display window 34 at locations corresponding to the ^ De evident to those skilled in the art that the inven- 
locations of the nodes in the two-dimensional array. At tion finds utility in connection with the development of 
block 309, the node in the macro view corresponding to other tree structures. Some other tree structures for 
the highlighted node in the focused view is also high- example, but not by way of limitation, include pert 
lighted. Then at block 308, the branches connecting the I5 charts and knowledge representations for expert sys- 
nodes are inserted using the known geometrical coordi- terns. Other variations may be made in the construction, 
nates of the origin and termination node. arrangement or operation of the parts or elements of the 
Movement of the highlighted node in the focused various embodiments as disclosed herein without de- 
view has been discussed previously. The location of the parting from ithe spirit and scope of the invention as 
highlighted branch can be caused to move in the macro 20 defined * m the following claims, 
view in the same way. When this is done, upon return to What is claimed is* 

perform a function on the focused view, the highlighted L A method f()r pxowidin a ^ of a tree stnic . 

node will be the same as then appears m the macro . f i. • t j . 

view. Thus, movement of the highlighted node in either ' ure wh ' ch a P lur f ty of nodes mterconnected 

view results in similar movement in the other view. „ bv ^ ranches > method composing the steps of: 

In the edit value function, the operator is enabled to < a > selectin S a P°™on of said tree structure to be 

select the type of value that is to be changed, and then displayed, 

points at the location where the change is to be made. W scaling the geometry of said portion in a manner 

He then enters the new value to accomplish the change. different than that which would be used if the en- 

The detailed description of these steps corresponds to 3Q tire tree were to be displayed, and 

-•'-'portions of flow graphs already discussed. (c) displaying the scaled portion on a medium suitable 

: Turning to the eval menu, the expected value and for interpretation. 

. probability distribution functions implement well 2. The method of claim 1 wherein said geometry is 

known statistical concepts. In the case of the expected scaled to provide that the density of tree branches is 

value function, the basic concept is the idea of expected approximately uniform throughout the displayed por- 

value at a node. If the node is a chance node having two tion of said tree structure. 

possible outcomes with probabilities A and B, and re- 3> ^ mcthod of claim x w h er ein the displayed ix>r- 

spective economic effects M and N, then the expected tion mcludes a focus node> ^ set of branches that origi- 

value is defined as follows. ^ at ^ focus node> the mcidem bnmch leadiflg tQ 

Expected vaJue~04 x M)+(BxN). 40 focus node * m & tiie siblings of said incident branch. 

4. The method of claim 1 wherein a second display of 

^ In other words it is the average profit (or cost) if the more of s^d tree structure is provided in addition to the 

chance event were performed a sufficient number of display of said scaled portion. 

times for the average result to approach the true mean 5- The method of claim 1 wherein the display medium 

value of the probability distribution of the event. The 45 is a cathode ray tube. 

expected value so calculated then becomes the eco- 6. The method of claim 1 wherein said display further 

nomic effect or value for the immediately preceding includes annotation associated with said nodes, 

node in the tree. The expected value for an end node is 7. An interactive method for providing a display of a 

defined here to be the value that was assigned to that portion of a tree structure which includes a plurality of 

node by the operator. Finally, the expected value for a 50 nodes interconnected by tree branches, said method 

decision node is defined to be larger in the case of profit comprising the steps of 

analysis (smaller in the case of cost analysis) of the (a) promoting an operator to select a focus node for 

expected values for the successor nodes to the deosion me tree rtion t0 be displayed , 

node. In other words the analysis assumes that the deci- w identifying an output branch which originates at 

sion maker would make the correct decision at each 55 v \ ' f ' « v * uiam -" wu "-" y«su«u«i 

decision node in the tree. Using these definitions than M • ♦ u u i j- 

the analysis is simply marched back through the tree W ^entifymg an mcident branch leading to said 

from the end nodes to the node at which the answer is /J°j U ^°. . * L , 

desired. This is normally the root node, but it will be (d } ld entifying the siblings of each of said output and 

readily understood that a by product will be the ex- 60 mcident branches, and 

pected value at every node of the tree. When a portion ( e ) <hsplaying said focus node, output, incident and 

of the tree is displayed after this analysis, the annotation sibling branches in a geometry scaled differently 

for the best value at each step in the tree is highlighted. tnan tna * which would be used if the entire tree 

At any chance node in the tree, two or more results were to be displayed, 

will be possible, each having the probability assigned by 65 8. The method of claim 7 wherein the geometry is 

the operator during construction of the tree. Once the scaled to provide that the density of tree branches is 

expected value analysis has been performed, the eco- approximately uniform throughout the displayed por- 

nomic effect of each of these chance events is known. It tion of said tree structure. 
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9. The method of claim 7 wherein a second macro 
display is also provided comprising a greater portion of 
said tree structure than that included in the first display. 

10. The method of claim 7 wherein said display fur- 
ther includes annotation associated with said focus 
node. 

11. An interactive method for creating a tree struc- 
ture and providing a display of a portion thereof 
wherein said tree structure includes a plurality of nodes ^ 
interconnected by tree branches, said method compris- 
ing the steps of: 

(a) prompting an operator to define the nature of the 
various nodes of said tree structure, 

(b) prompting an operator to add branches to connect 15 
said nodes, 

(c) displaying a portion of said tree structure as it is 
created, said portion being scaled to have a geome- 
try different than that which would be used if the 2Q 
entire tree structure were to be displayed. 

12. The method of claim 11 wherein said operator is 
further prompted to select annotation associated with 
said nodes and branches. 

13. The method of claim 11 wherein the displayed 25 
portion includes a focus node, an output branch which 
originates at said focus node, an incident branch leading 

to said focus node, and the siblings of said output and 
. incident branches. 

14. The method of claim 11 wherein said geometry is 30 
scaled to provide that the density of tree branches is 
approximately uniform throughout the displayed por- 
tion of said tree structure. 

15. The method of claim 11 wherein a second macro ^ 
display is also provided comprising a greater portion of 
said tree structure than that included in the first display. 

16. The method of claim 11 wherein said operator has 
the option of selecting a subtree from said tree structure 
and duplicating said subtree elsewhere in said tree struc- 40 
ture. 

: 17, The method of claim 12 wherein said tree struc- 
ture comprises a decision tree, and wherein said opera- 



tor is prompted to provide a values associated with 
various parts of said tree. 

18. The method of claim 17 wherein said operator has 
the option of modifying said values. 

19. The method of claim 17 wherein said display 
further includes an indication of the best decision at 
each decision point in said decision tree. 

20. A method for displaying a tree structure compris- 
ing the steps of: 

(a) selecting various portions of the tree structure to 
be displayed, and 

(b) providing a display of each of said portions, each 
such display having a common geometry irrespec- 
tive of the location and geometry of the corre- 
sponding portion in said tree structure. 

21. The method of claim 20 further comprising the 
steps of: 

(a) prompting an operator to define nodes and 
branches of said tree structure, 

(b) adding the nodes and branches defined by said 
operator, 

(c) prompting said operator to select portions of said 
tree structure to be displayed, and 

(d) displaying said portions in said common geome- 
try. 

22. A method for displaying a tree structure compris- 
ing the steps of: 

(a) providing a first display of a portion of said tree 
structure, said portion containing at least two node, 
one of said nodes being highlighted, 

(b) providing a simultaneous second display of at least 
a part of said tree structure, said second display 
including the nodes contained in said first display, 
the node in said second display corresponding to 
the highlighted node in said first display also being 
highlighted, and the geometry of said first display 
being different than the geometry of the corre- 
sponding portion of said second display, and 

(c) providing means whereby an operator can cause 
the location of the highlighted node in either dis- 
play to vary with a consequent corresponding 
movement of the same node in the other display. 



45 



50 



55 



60 



65 



09/26/2003, EAST Version: 1.04.0000 



